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‘ Leptonic CP Violation & Cosmology: I

e Fukugita and Yanagida -
Phys. Lett. B174, 45 (1986)

e Frampton, Glashow and Yanagida -

hep-ph /0208157

In a class of models, the sign of the baryon
asymmetry is correlate with this leptonic CP

violation.

e Endoh, Kaneko, Kang, Morozumi, Tanimoto -
hep-ph /0209098

Direct link between CP violation in neutrino
oscillations and baryogensis through leptogensis.

e See also Alejandro Ibarra (Oxford)
“Leptogenesis and Low Energy Phases” in the
Baryogenesis and Phase Transitions parrallel

session.
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‘ Leptonic CP and T Violation I

CP

Vy < Ve <~ Vy < Ve

Ve < Uy <~ Ve < Uy
CP



‘ Oscillation Highlights: I

With three neutrinos we can access: two 5m2,
three mixing angles, ¢ and one CP or T violating
phase, 0.

(Majorana neutrinos have two more phases inaccessible in oscillations.)

ATMOSPHERIC:
0m2, | =3 x 107 3eV?
SiIl2 2923 ~ 1.0 923 ~ —

SOLAR: assuming LMA
om2 = +5 x 107°eV?

Sin2 2912 = 0.8 912 ~

AND (Chooz)

Sin2 26013 < 0.1 013 < =



N A NN

(Mass)? OM ptmos ~ 3 X 103 eV?
V2 | Yf’;”h\“‘ﬂ >6 2 A 2
V| T M?golqr ~ 107% €V

3 active flavors

(but can be easily modified to accommodate 3+1)

Vo) = Z UailVi)

The parameterization used for the unitary MNS

matrix, U, is

id

C13C12 C13812 Si13€
18 )
—C23812 — S13523C12€ C23C12 — S13S823812€ C13S523
18 i8
$23812 — S13C23C12€ —S823C12 — S13C23S512€ C13C23

where ¢, = cos0;; and s;; = sin 6.
The primary element of interest here is

Uss or sinfis e 10,



Chooz: v, Disappearance
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The Picture:
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o Also value of 7 — a3



“The Key”

v, — Ve and U, =1,

In vacuum

Py, — v.) = sin? fa3 sin® 2013 sin?(Agim)

+ J, Ag sin Agyn (€080 cos Ayt 1 sindsin Ay,

plus for v’s and minus for ¥’s.

sm2, L sm¢ 1
Aatm = W & A@ — @ ~ 60 Aatm

2
(~1.27 4L in ev2 km Gev 1)

with

. . : —. 2
Jr = SIn 2912 S1n 2923 Sin 2913 COS (913 ~ 0.3 \/Smo?

Now the first peak occurs at Ay, = 5 for

E =18 GeV (3><10 WQVZ) (7z2%m) NuMl

E =0.72 GeV (x-2Matm

3><10 eV2> (295k: )JHF



At the first oscillation maximum and using
Sin2 2923 = 1 then

P(v, — v.) = 0.5 sin?2013 + 0.016 sin §sin 20,3

at the upper bound on sin? 2013 = 0.1 (Chooz).

P(v, = ve) =5% £0.5%sind

e Matter Effects also split
Neutrinos from Anti-Neutrinos.

can be used to distinguish
om2, > 0 from dm?, < 0.

atm atm

e Bi-probability Plots

P(v, — ve) verses P(v,, = U,)

holding all parameters fixed except the CP phase,
0, which varies from 0 to 2.

Minakata and Nunokawa hep-ph/0108085
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‘ Off Axis Beams .

e Higher Intensity at Lower Energy
e Narrower Energy Spread
e Reduction in High Energy Tail
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e Just Kinematics !!!
e As angle to beam direction, 8, increases pions of
all energies give roughly the same neutrino energy.

E, =043E,/(1 + v%6?) where v = E, /M,



‘ Near Future Experiments I

e JHF — Super Kamiokande
See hep-ex/0106019

e NuMI — Off Axis Detector
http:/ /www-off-axiz.fnal.gov /loi
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‘ SUMMARY: .

e If Kamland confirms LMA

and

e 13 is within a factor of 3 of the Chooz
bound: (sin®26;3 > 0.01)
then

We have a great OPPORTUNITY!!!

CP Violation in the Lepton Sector is measureable
in the near future as well as other neutrinos

properties.

e Value of 643,

e Normal verses Inverted hierarchy
e Deviation of fo3 from 7 /4.

and

e CP Violating phase 9.

The full relationship between Leptonic CP
Violation and Cosmology especially the lepton
and baryon asymmetries is yet to be explored.





